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CyaiHoab M3o6peTeHMn: Tpyiwa C0Aep>KWT Kopnyc 
1 c OKHaMM 2 M3 peHTreHonpo3pawHoro Maiepwana 
KaTOAHbiM y3en 3 m anojx 5 c, aepnanoM M3 mo- 
HOKpMCTanna m oxnaAwreneM 9, MOHOKpMaann opi*- ; 
eHTMpoBaH* b SparroBCKOM nono>KeHMM , Ann OTpa- 
>KeHMH xapaKTepMCTMHecKoro M3ny4eHMR 4>OKycHoro ■: 
nmHa b HanpaaneHMM okoh Tpy6KH MdHOKpwcTann 
BwnonHeH M3 TennonpOBOAHpro MaTepwana m ero 
pa6oHafl cropOHa CHa6mena owen noKpuwn M3 
Maxepiiana xapaKTepMcnwecKoro ManyMeHwn TpyCiot 
MoHOKpwtTann mo>kkt 6biTb BwnonneH M3 nuponvt- 
TMMecKoro rpatfwTa, opweHTMpoBaKHoro KpMcfan- 
norpa<t>wMecKofi nnocKoawo (0001) b BparroacKOM 
nono>KeHkM k HanpaBneHwo ManyweHwa B036y>KAae- 
Morp B v Majepwane noKpwTMR 2 3Ji cj)-nw. 2 nn 
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H306peT6HMe OTHOCHTCfl K o6fi3CTH TeX- 
HUMeCKOM <J)M3MKH, B H3CTHOCTM K KOHCTpyKUMM 

peHTreHOBCKnx Tpy6oK A^fl peHTreHocTpyK- ^ 
TypHoro aHqnw3a MaTepna/ios. . 

HiBecTHW peHTreHOBCKne Tpy6KM jxn* 5 
CTpyKTypHoro aHa/iM3a[1], BK/iiOMaiomwe Baxy- 
yMHbiPl CTeK/inHHOMeTa/innMPc^gd^Mtt^^fl^ 

-OAHMM M/1H HeCKO/lbKHMH OK^QQpqBHMBP" 

*.M3nyMeHMfli B036y>KflaeMoro Ma aHOAe, Bbino/i- 

.HiSHH.uMii;iia'pe : HTreHonpo3.paHHord Mafepwa- 10 
. /?a, SHyTpn Kbpnyca cmohth pobbh xajOAHbifl v ' 

y3e/i f BK/iK)Haipu4M^ cpeACTBa 4>OKycwpoBaHMfl v 
- 3/ieKTpoHHoro nyHKa, m aHOA c MiitueHbto fi/iu 

3epKa/iOM, o6pameHHbiM k KaTOAHOMy y3/iy t 
. npw 3TOM anoA CHa6xeH CHapyxui cficTeMO* 15 
. ox/ia>KAeHMji. 

H e ao CTa t ko m Tpy6ox TaKOro Tuna AB/uieT- 

ch Ma/iafl AO/iroBe^LHocTb /im6o noHi/ixeHHasi' 

MOLUHOCTb M3/iyMeHMq; . 

Han6o/iee 6/iw3xa x M3o6peTeHWK) peHT- 20 
renoBCxafl Tpy6xa [2], coAep>KaiMa* saxyyM- 
Hbift MeTa^/iqcTeK/iffHHbift xopnyc, KSTOAHbiw 
y3e/i m a h o a« c h a 6>xe h h bi ft Mi/iujeHbK), Bbino/i- 

H6HH0M M3 OpweHTWpOBaHHOrO MOHOKpMCTa/1- 

: /ia, npn 3tom b Kopnyce Tpy6xw Bbino/iHeHbi 25 
peHTreHqnpo3paHHbie OKHa.A^fl BbixoAa w3/iy- y 
neHMfl, a Kopnyc CHa6>KeH CMCTeMO^ ox^a>KAe- 
hm« aHOAa. -'. - 

HeAocfafKOM stow Tpy6xw flB/iaeTC« no- 

HMXeHHafl MHTeHCMBHOCTb XcJpaKTepMCTMMe- ; 30 

CKoro n3nyMeHMR BbmycxaeMoro W3 okoh 
TpyGKM b HanpaBneHMM wcc/ieAyeMpro o6bex- 

Ta v ■• ■' ; ( " : : .: '\; ••• •' ' • -• . ;/v -V ' 

Ue/ib M3o6peTeHM« cqctomt b noBbitueHMii 



WHTeHCMBHOCfVl M3/iyHeHVIfl. 
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J\n# 3Toro b p6HTT6H0ucK0ft Tpy6xe* pj\a 
crpyKTypHoro aHa/iwsa, coAepKaiAew.BaKyyM- 
Hbiw kopnyc e OKHaMM M3 peHTreH6npd3paMHo- ' 
ro MaTepna/ia, pa3Meu4eHHbie BHyjpw Hero 
KaTOAHbiA y3e/i w 3hoa* 3epka/io KOToporo bw- 40 
no/iHeHO M3 MOHOKpwcTaii/10, * ox/iaAHTenb 
,aHOAa, MOHOKpucTan/i aepxa/ia aHO/ia opw- 
eHtupoBaH b 6p3rrpBCKOM no/ioxeHuM a/ih 
OTpaxeHww M3/iyMeHM« c a^mhom BOHHw xapaK- 
TepwcTMHecKoro M3/iyHeHMfl, BO30y^AaeMoro b 45 
<frokycHOM riflTHe, b Hanpaa/ieHMM okoh Tpy6- 
xw, PeHTreHOBCkafl Tpy6xa MMeeT aHOA, 3epxa- 
no Kojoporo Bbino/iHeHO W3 MOHOxpwcTa/r/ia 
BwcoKOTen/ionpoBOA»u;ero MaTeptia/ia, w ero 
pa6bMan CTopoHa, o6pameHHa* BHyTpb Baxy- 50 
yMHoro o6beMa xopnyca, CHa6>xeHa cnoeM rio- 
KpbiTna us MaTepvrna xapaKTepncTW4ecxoro 
M3/iyMeHM« jpy6KM. PeHjreHOBCxaa rpy6x£ 
HMeeT MOHOKpMCTan/iMMecKurt aHOA* Bwnon- 
HeHHwft M3 nnporpacj)HTa, opMeHTupoBaHHoro 55 
KpMcxa/i/iorpa<t>WMecKoa n/iockocTbK) (0001) b 
6perroBcxoM no/ioxeHnw k HanpaB/ieHMK) M3- 
/lyHeHna xapaxTepMOTMqecko^ ahmhw bo/ihw, 
B036y>KAaeMorq b MaTepna/ie noxpHTufl, Ha- 
HeceHHoro Ha noBepxHOCTb nnporpa4>nTa. 



Ha 4>nr. 1 noKaaaHa peHTreHOBCKan rpy6- 
xa A/m CTpyxTypHoro aHa/iM3a c anoAOM, 

BbinO/IHeHHWM M3 OpueHTMpOBaHHOrO MOHCh 

xpucTa/i/ia; Ha <t>nr. 2 - 3epxa/io anoAa M3 
MOHOKpucra/ina niiporpa^MTa w/im APyroro 
BbicoKOTen/ionpQBbAHoro MaTepwa/ia c no- 
kpbiTMeM M3 MaTejpMa/ia f s kotopom B036yxAa- 
ercfl M3/iyMeHwe xapaxTepucTMHecxoft aamhw 

BO/lHbl. i 

PeHTreHOBCKan Tpy6xa a^a CTpyxTypHoro 
aHann3a coAep^MT MeTa/i/iocTex/iflHHbift. xop- 
nyc 1, npeACTaB/in»ou4Mfl co6oft repMeTMMHuA 
BaxyyMHbifi 6aAOH c OKHaMn 2 vt3 peHTreHo- 
.npo3paHHoro MaTepna/ia, BHyTpw xpToporo 3a- 
xniOMeHbi xaTOAHww y3e/i 3 c CMCTeMovi 
<t)OKycnpoBaHMn 3/iexTpoHHoro nynxa 4 ii bhoa 

5, BbinO/IHeHHblft M3 MOHOKpMCTa/l/ia MMllieHM 

aHOAa w/iM M3 MOHOxpucTa/i/ia BbicoxoTen/ion- 
poBOAHoro MajepnanaT Hanpuviep M3 mcau, c 
noxpwTMeM W3 MaTepwa/ia, xapaxTepucTuwe- : 
exoe n3/ryHeHne xoToporo B036y>KAaeTC5i b 
AaHHOti Tpy6xe n BbinyckaeTCfi Hepeal ee OKHa 
OT C/lOfl 6 nOKpWTMfl b HanpaB/ieHMM KOHTpo/iw- 
pyeMorb wnw ncc/ieAyeMoro o6tekTa b BMAe 
pacxoAfliuerocn nynxa 7. CHapy>KM xopnyca 1 
noA aHOAOM 5 Bbino/ineHa no/iocTb 8. 3axpw- 
Ta» ox^aAMTe/ieM 9, b xoTopyip Mepea uiTYuepbi 
10, 11; noABOAHTCJ? m. OTBOAHTCfl. bx/iaxAaK)- 
ma« >KiiAKOCTb. Ahqa 5 c/iyxnT neperojpOAko^ 
MejKAy. no/iocTbio 8 m BaxyyMHbJM*o6beMOM m 
6yAyMM Bwno/iHeH v\3 MOHOxpucTan/iMHecxprb 
MaTepnana MMeeT npenMyiiiecTBo nepeA aHO- 
Aom v\3 noni^kpMCTa/i>iMMecKoro MaTepyia^a b 
6o/ibiueM ctomkoctm nepBoro k 3po3wn noA 
. AewcTBueM 3/iexf poHHoro nyMxa ii 6o/iee bu- : 
cokom MHTeHCMBHOCTM M3nyMeHni« BcneACTBwe 
Ha/io>xeHM» Ha BbinycKaeMoe M3 okoh Tpy6KM 
nyMKOB M3/iyMeHMfl f An^parnpoBaHHoro ot 
MOHOKpuCTaA/ia, M3 koToporo. BbinO/lHeHO 3ej3- 

xano aHOjfla. B xaMecTBe BbigDKOTen/ibnpoBOA- 
Horo MaTepwa/ia c bwcokom OTpa>xaTe/ibHoft 
cnoco6HocTbio Mo>xeT Mcnonb30BaTbcn n/ia- 
CTMHxa 12 nwporpa<J>MTa t ycTaHaB/iMBaeMafl b 
yrhy6neHiie b aHOAe* - _ 

Tpy6xa pa6oTaeT c/teAyoiuuM o6pa30M. • 
l"lpw noAK/ironeHUM Tpy6KM x MCTOMHuxy nwTa- 
hm« 3/ieKTpoHHbift nyMox 4, BaawMOAericTBysi 
co cnoeM 6 nbxpwTMfl na aHQAe 5, bo 3 6y>KAa eT \ 
TopM03Hoe MxapaxTepHCTMMecxoe M3/iyHeHne f 
Koropoe pacnpocTpaHwexcfl.BO Bcex HanpaB- 
zieHMflx, b tom Mvtcne m b CTopoHy 3epxa/ia 
aHOAa 5. riocxo/ibxy MOHoxpucTa/i/i, M3 koto- 
poro Bwno/iHeH bhoa 5 f o.pneHTupoBaH t3khm 
o6pa30M, mto OAHa M3 ero OTpa>xaK)iUMx n/io- 
cxocTert 13 cocTaB/i»eT 6perroBCxnrt yrofl c 
Hanpa.B/ieHneM 14 Ha ueHTp oxHa 2 Tpyexn, 
Bo.36y>KAaeMoe b rpy6xe M3/iyMeHweoTpa*<aeT- 
cji ot yka3aHHoft nnbcxocTn n buxoamt b tom 
^xe HanpaB/ieHnn, mto m B036y>KAaeMbe M3/iy- 
qeHwe m 6/iaroAaps 3TOMy yBe/iMMMBaeTCfl mh- 
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TeHCMBHOCTb none3Horo CTpyKTypnoro 
SHani>\3a M3/iyMeHmi c amihoB- bo/ihu xapaKTe- 
pHCTMMecKoro M3/iyMeKMfl. B Kane'CTBe npuMepa 
pea/iM3aMMw 6wjnw H3roTOB/ieHbi peHTreHo- 
BCKwe rpy6KM c 3hoaom m MOHOKpwcTa/ma 
MeAM, noBepXHocTb KOTopbro cocT3B/ifl/ia 18? 
c KpncTa/inorpa<()iiHecKOn n/ioctcocTbto (III). B 



stom c/iynae b Hanpao/ieHWM noA ynioM 5-6° k 
nnocKOCTii aHOAa pacnpocrpaHn/iqcb mc Tonb- 
ko M3/iyHeHne ( B036y*AaeMoe b Tpy6*e b pe- 
3y/ibTaTe B3anMOA€^CTBnw aneKTpoHHoro" 
nynica 4 c bhojxom, ho m AM<}>parnpo83HHoe 
M3/iyMeHne ot MpHoicpMCTa/i/ia mcah c a/iwho* 

BO/lHbl MCAM, 



O op My /i a M3o6peTeHM» 

1. PEHTrEHOBCKAH TPYSKA IU\9\ 
CTPyKTYPHOrO AHA/1 M 3 A, C0Aep*ama* 
BaKyyMHwft Kopnyc c okksmh M3 peHireHO- 
; npo3paHHoro MaTepa/ia, pa3MetueHHwe BHyrr- 
pw Hero K3T0AHbtfl yse/i n anoA, 3epKa/io fco- 
Toporo Bbino/iHeHo M3 MOHOxpticTa/isia, w ox- 
ziaAMTe/ib aHOAa, oTiiMHaioLMapcfl jew, mt6, c 
ue/ibKD noBbiiueHUfl hht6hcmbhoctm M3;iyMe- 

HMfl, MOHOKpMCTa/1/l 3epKa/ia aHOAd OpHeHTM" 

poBaH b 6p3rroBCKOM no/ioxceHMM a** OTpa- 
xeHMJi xapaKTepMCTusecKoro M3iiyneHM5i t 
BO36y>KAaeM0ro a 4>pKycH0M H5iTHe b Ha- 
npdB/16HMM okoh Tpy6Kn. 
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2. PeHTreHOBCKafl Tpy6ica no n.1, oTyiMHa- 
•oiuaflcii Teiwi, mto 3epKa/io aHOAa BwnonHe«o 
M3 MOHOKptiCTa/i/ia Bbicoicofen/ionpoBOAHoro 
MaTepwa/ia m ? ro pa6owafl cropoHa, o6pa- 
meHHafl Bnytpb BaicyyMHoro o6beMa xopny- 
ca, CHa6*eHa c/ioeM noicpbi™* ms 

it> MaTepna/ia xapaKTepwcTMMecKoro us/wen w* 
Tpy6xJ4. 

3. PertTreHOBCKafl rpy6»ca no n.1, OT/iMHa- 
ramaac* TeM, mto MOHokpMCTa/i/1 3epKa/ia 

2Q aHOAa Bbino/iHen 113 nnpo/inTMHecKoro rpa- 
<t>HTa, opweHTupoBaHHoro KpMCTa/iWpa<f>M- 
necKO* n/iocKocTbK) (0.001) b 6p3rroBc*coM no- 
zioxeHMM /* HanpaB^eHMio M3/iyMeHMn 
BO36y>KAaeM0lrd b MaTepwa/ie noKpbiTMw. V 

25 
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(54) X-RAY TUBE FOR STRUCTURAL ANALYSIS 

(57) Use: in the field of X-ray engineering. Essence of invention: a tube comprises a 
housing 1 with windows 2 of an X-ray transparent material, a cathode assembly 3 and 
an anode 5 with a mirror of a monocrystal and a cooler 9, the monocrystal being 
oriented at a Bragg position to reflect the characteristic radiation of a focus spot in the 
direction of a tube window, wherein the monocrystal is made of a heat-conductive 
material, and its working side is provided with a coating layer of a tube characteristic 
radiation material. The monocrystal can be made of a pyrolytic graphite oriented by its 
crystallographic plane (0001) at the Bragg position to the direction of a radiation excited 
in the coating material. 2 dependent Claims. 2 Figures. 

The invention relates to the field of technical physics, and more specifically to a 
structure of X-ray tubes for X-ray structural analysis of materials. 

Known are X-ray tubes for X-ray structural analysis [1], including a vacuum metal- 
glass housing with one or more windows designed for outputting a radiation excited at 
the anode and being made of a X-ray transparent material, wherein a cathode assembly 
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is mounted within the housing, said cathode assembly including electron beam focusing 
means, and an anode with a target or a mirror faced the cathode assembly, wherein the 
anode is outwardly provided with a cooling system. 

The disadvantage of the tubes of this type is small longevity or reduced radiation 

power. 

The closest to the invention is a X-ray tube [2] comprising a vacuum glass-metal 
housing, a cathode assembly and an anode provided with a target made of an oriented 
monocrystal, wherein X-ray transparent windows are formed in the housing to output the 
radiation, and the housing is provided with an anode cooling system. 

The disadvantage of this tube is reduced intensity of characteristic radiation 
emitted from the tube windows in the direction of an object to be studied. 

The aim of the invention is to improve the radiation intensity. 

Said aim is accomplished by that, in an X-ray tube for structural analysis, said X- 
ray tube comprising a vacuum housing with windows of a X-ray transparent material, a 
cathode assembly and an anode positioned within said housing, a mirror of the anode 
being made of a monocrystal, and an anode cooler, the anode mirror monocrystal is 
oriented at the Bragg position to reflect a radiation having a wavelength of the 
characteristic radiation excited in a focus spot, said reflection taking place in a direction 
of the tube windows. The X-ray tube has the anode whose mirror is made of a high heat- 
conductive material monocrystal, and its working side faced inwardly the vacuum volume 
of the housing is provided with a coating layer of a tube characteristic radiation material. 
The X-ray tube has the monocrystal anode made of pyrographite oriented by its 
crystallographic plane (0001) at the Bragg position to the direction of a characteristic 
wavelength radiation excited in the coating material applied to a surface of pyrographite. 

Fig. 1 shows an X-ray tube for structural analysis, having an anode made of an 
oriented monocrystal; Fig. 2 shows a mirror of the anode, made of a pyrographite or 
other high heat-conductive material monocrystal with a coating of a material in which a 
characteristic wavelength radiation is excited. 

A X-ray tube for structural analysis comprises a glass-metal housing 1 that is a 
sealed vacuum balloon with windows 2 of a X-ray transparent material, and within said 
housing there are enclosed a cathode assembly 3 with an electron beam focusing 
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system 4 and an anode 5 made of an anode target monocrystal or a high heat- 
conductive material monocrystal, for example a copper monocrystal, with a coating of a 
material whose characteristic radiation is excited in the present tube and is outputted in 
the form of a diverging beam 7 through the tube windows from the coating layer 6 in the 
direction of an object to be tested or studied. A cavity 8 is formed outwardly of the 
housing 1 under the anode 5, wherein the cavity is closed by a cooler 9, and a cooling 
liquid is supplied to and removed from said cavity through unions 10, 11. The anode 5 
serves as a partition between the cavity 8 and the vacuum volume and, being made of a 
monocrystal material, has advantage relative to an anode of a polycrystal material in 
more resistance of the former against erosion under action of an electron beam, and in 
higher radiation intensity because the beams of the radiation diffracted from the 
monocrystal of the anode mirror are superposed to the radiation emitted from the tube 
windows. A pyrographite plate 12 mounted in a recess in the anode may be used as a 
high heat-conductive material having a high reflectivity. 

The tube operates as follows. Upon coupling the tube to a power supply source, 
the electron beam 4 cooperating with the coating layer 6 on the anode 5 excites a brake 
and characteristic radiation which propagates in all directions, including that towards the 
anode 5 mirror. As the monocrystal forming the anode 5 is oriented such that one of its 
reflecting planes 13 forms the Bragg angle with a direction 14 to a center of the tube 
window 2, the radiation being excited in the tube is reflected from said plane and goes 
out in the same direction as the excited radiation, and due to this, the intensity of 
radiation increases, which radiation is useful for structural analysis of a radiation having 
a wavelength of the characteristic radiation. In an embodiment, X-ray tube was 
manufactured that had an anode of a copper monocrystal whose surface formed 1 8° 
with the crystallographic plane (III). In this case, not only the radiation excited in the tube 
as a result of cooperation of the electronic beam and the anode 4, but also the radiation 
diffracted from the copper monocrystal and having the copper wavelength propagated in 
the direction at the angle of 5-6° to the anode plane. 

CLAIMS 

1. A X-RAY TUBE FOR STRUCTURAL ANALYSIS, comprising a vacuum 
housing with windows of a X-ray transparent material, a cathode assembly and an 



anode positioned within said housing, a mirror of the anode being made of a 
monocrystal, and an anode" cooler, characterized in that, in order to improve the 
radiation intensity, the anode mirror monocrystal is oriented at the Bragg position to 
reflect a radiation having a wavelength of the characteristic radiation excited in a focus 
spot, said reflection taking place in a 'direction of the tube windows. 

2. A X-ray tube according to Claim 1, characterized in that, the anode mirror is 
made of a high heat-conductive material monocrystal, and its working side faced 
inwardly the vacuum volume of the housing is provided with a coating layer of a tube 
characteristic radiation material. 

3. A X-ray according to Claim 1, characterized in that the anode mirror 
monocrystal is made of pyrolytic graphite oriented by its crystallographic plane (0001) at 
the Bragg position to the direction of the radiation excited in a coating material. 

Fig. 2 



